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Background: Steroid injections are among the most commonly used conservative treatments for lateral
epicondylitis (LE). Although soft-tissue calcification has been reported as a steroid injection complica-
tion in certain tendons, such an association in LE has not been established. This study’s purpose was to
determine any association of both a history of steroid injection and the number of steroid injections with
the types of calcification found in LE.

Methods: This study included 110 patients (110 elbows) with LE diagnosed from February 2016 to October
2017. We categorized calcifications seen on standard elbow radiographs as soft-tissue calcifications or
enthesophytes using the classification of Shillito et al. Using logistic regression analyses, we calculated
odds ratios (ORs) and 95% confidence intervals (ClIs) for various factors possibly affecting calcification
in LE: age, sex, body mass index, dominant-side involvement, occupation, symptom duration, hand-grip
power, pain score on a visual analog scale, and treatment methods. The evaluated treatments included stretch-
ing exercise, extracorporeal shockwave therapy, and steroid injections.

Results: In the univariate analysis, the visual analog scale pain score, a history of steroid injection, and
the number of steroid injections were significantly associated with soft-tissue calcification (P <.020). In
the multivariable analysis, a history of steroid injection (OR, 7.63; 95% CI, 1.63-35.72) and the number
of steroid injections (OR, 1.18; 95% CI, 1.06-1.32) were significantly associated with soft-tissue calcifi-
cation (P <£.010).

Conclusions: The significant association of steroid injections with soft-tissue calcification in LE sug-
gests that this calcification is likely to be an iatrogenic complication of steroid injection.

Level of evidence: Level III; Case Control Design; Treatment Study
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Lateral epicondylitis (LE) is one of the most common dis-
eases that cause elbow pain.” The incidence of LE is estimated
at 4 to 7 per 1000 patients per year in general practice''** and
between 1% and 3% per year in the general population.'>¢!

The prevalence of LE has been reported as 1.3% to 12.2%.'3%
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The radiologic findings of LE are nonspecific or normal.
However, the most common radiologic finding is calcifica-
tion at the lateral epicondyle. The reported prevalence of
calcification in LE has ranged from 7% to 47% based on the
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studied groups.>'"!"” In most patients, LE can be treated suc-
cessfully with conservative treatments. Steroid injection is one
of the most commonly used interventions for LE. A system-
atic therapeutic overview has showed that 14% to 38% of
patients with LE were treated with corticosteroid injections.’
In case reports of plantar fasciitis and LE, soft-tissue calci-
fication has been reported as a complication after steroid
injection.”*'*'"* However, we have found no report of any anal-
ysis using statistical methods to determine any association
between soft-tissue calcification and LE. Nirschl'>'® men-
tioned that multiple cortisone injections or tendon calcifications
are factors to be considered in choosing a surgical treat-
ment of LE. Nirschl suggested that tendon calcification
represents a pathologic tendon, distinct from lateral epicondylar
exostoses (enthesophytes). However, we are aware of no further
study that supports this suggestion. Whether steroid injec-
tion is associated with soft-tissue calcification in LE is yet
to be completely determined. The purpose of this study was
to determine any association of both a history of steroid in-
jection and the number of steroid injections with the types
of calcification found in LE.

Materials and methods

We performed a retrospective review of all new patients who re-
ceived a diagnosis of LE by a single orthopedic surgeon (H.B.P.)
from February 2016 to October 2017. LE was diagnosed based on

the following symptoms and signs observed during physical ex-
aminations: (1) pain located at the lateral aspect of the elbow, (2)
point tenderness over the lateral epicondyle, and (3) pain during re-
sistive dorsiflexion of the wrist with the elbow in full extension.'?
This study included 110 elbows in 110 patients with a diagnosis of
LE. Among those patients, 16 received a diagnosis of bilateral in-
volvement. In cases of unequal bilateral involvement, the more
symptomatic side was selected (12 patients). In cases in which the
patients’ sides had similar symptoms (4 patients), one side was se-
lected using the random number generator function of Microsoft Excel
(Office 2016; Microsoft, Redmond, WA, USA). Age, sex, body mass
index, dominant-side involvement, occupation, symptom duration,
hand-grip power, pain score on a visual analog scale (VAS), and
treatment methods were recorded. The evaluated treatment methods
were nonsteroidal anti-inflammatory drug treatment, opioid treat-
ment, stretching exercise, extracorporeal shockwave therapy, and
steroid injection. We also reviewed whether steroid injections had
been used alone or with any local anesthetics.

The prevalence, among the studied patients, of a history of steroid
injections was 53.6% (59 of 110 patients). Of the patients, 34.5%
(38 of 110) had been treated with both a steroid and 1 local anes-
thetic, which was lidocaine; 19.1% (21 of 110) had been treated with
a steroid without any local anesthetic. The steroid used was triam-
cinolone. The mean number of steroid injections was 3.0 among all
patients and 6.4 in the soft-tissue calcification group. Table I sum-
marizes the studied variables according to the type of calcification.

We evaluated standard elbow radiographs (anteroposterior, lateral,
and internal and external oblique views) and recorded the types of
calcification around the lateral epicondyles. We classified calcifi-
cations as enthesophytes and soft-tissue calcifications according to

Table I  Summary of studied variables according to studied groups

Studied variable All patients Overall Enthesophyte Soft-tissue
(n = 110) calcification (n = 20) calcification
(n=38) (n=18)
Age, yr 50.0 £ 9.7 52.2 £ 8.5 515+ 7.6 52.9+9.8
Male sex 46.4% 42.1% 40.0% 44.4%
BMI, kg/m? 24.2+ 4.3 24.6 £ 3.1 25.0£3.3 23.2£3.0
Dominant-side involvement 78.2% 79.0% 90.0% 66.7%
Occupation
Office worker 24.5% 26.3% 20% 33.3%
Manual laborer 46.4% 44.7% 50% 38.9%
Housewife 29.1% 29.0% 30% 27.8%
Symptom duration, mo 11.2 £ 15.2 13.5 + 16.7 13.5 + 20.9 13.6 + 11.7
Hand-grip power, kg 249 £11.3 25.5+£7.2 25.9 £ 8.3 25.3+5.9
NSAID treatment 100% 100% 100% 100%
Opioid treatment 84.5% 92.0% 85.0% 100%
Stretching exercise 70.0% 78.9% 75.0% 77.8%
ESWT 22.7% 21.1% 25.0% 16.7%
VAS pain score 5.9+ 2.0 6.7 £ 1.5 6.5+1.3 6.9+1.8
History of steroid injection 53.6% 73.7% 60.0% 88.9%
With local anesthetic 34.5% 36.8% 35.0% 33.3%
Without local anesthetic 19.1% 36.8% 25.0% 55.6%
No. of steroid injections 3.0t 4.4 4.8+5.1 3.3+£3.8 6.4+6.0
With local anesthetic 3.34 £ 3.01 4.6 +3.8 3.5+1.9 6.7 £ 4.2
Without local anesthetic 2.63+£2.91 5.1+2.3 3.1+£2.3 6.0 £5.2

BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; ESWT, extracorporeal shockwave therapy; VAS, visual analog scale.

Data are presented as mean = standard deviation or percentage.
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Figure 1
calcification, with calcification separate from bone.

the classification of Shillito et al'” (Fig. 1). Type A was defined by
calcification directly in contact with the bone. Type A was further
divided into types A1 and A2, depending on the size, relative to the
distance from the apex to the most distal extent of the epicondyle.
Involvement of less than 50% of this distance was classified as type
Al, whereas involvement of 50% or more was classified as type A2.
Type B, a soft-tissue calcification, was defined by calcification sep-
arate from the bone. Any abnormal radiographic finding other than
calcification around the lateral epicondyle was evaluated. We evalu-
ated the radiographs during the initial visits and the final follow-up
visits to assess whether the patients’ symptoms had worsened. All
the patients’ initial radiographs had shown no soft-tissue calcification.

The hand-grip power measurement was conducted according to
standard procedures recommended by the American Society of Hand
Therapists,® using the Jamar Plus+ Digital Hand Dynamometer (Pat-
terson Medical, Warrenville, IL, USA).

The odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated to identify any association between various studied factors
and calcification in LE, using univariate logistic regression analy-
sis. Then, we performed a multivariable logistic regression analysis,
using only the significant variables that had resulted from the uni-
variate analysis. Multivariable logistic regression analysis was
performed after assessment of multicollinearity, using factors with
a variance inflation factor and a condition index. We considered both
a variance inflation factor and a condition index of less than 10 to
be among the variables indicating absence of multicollinearity.* The
Hosmer-Lemeshow test was used to determine the goodness of fit
for the multivariable logistic regression model. All statistical anal-
yses were performed with the SPSS software program (IBM SPSS
Statistics for Windows, version 21.0; IBM, Armonk, NY, USA). The
significance of the logistic regression analysis was set at P <.05.
The significance of the Hosmer-Lemeshow test was set at P > .05.

Results

The overall prevalence of calcification in LE was 35.5% (38
of 110 patients). Among these LE patients, 18.2% (20 of 110)

Calcifications around lateral epicondyle. (A, B) Enthesophyte, with calcification directly in contact with bone. (C) Soft-tissue

had enthesophytes and 16.4% (18 of 110) had soft-tissue cal-
cifications. The most common radiographic finding other than
calcification around the lateral epicondyle was olecranon
enthesophytes (11.8%, 13 of 110). The prevalence of radio-
graphic findings other than calcification is summarized in
Table II.

In the univariate logistic regression analysis, the initial VAS
pain score, a history of steroid injection, and the number of
steroid injections were significantly associated with overall
calcification. No studied variables had any significance with
enthesophytes. Among the studied variables, the initial VAS
pain score, a history of steroid injection, and the number of
steroid injections were significantly associated with soft-
tissue calcification. The ORs with 95% Cls for all variables
are summarized in Table III.

In the multivariable analyses, the initial VAS pain score,
a history of steroid injection, and the number of steroid in-
jections were significantly associated with overall calcification.
Among the studied variables, a history of steroid injection
and the number of steroid injections were significantly

Table II
Radiographic finding

Radiographic findings in lateral epicondylitis patients

Prevalence, %
34.5 (38 of 110)

Overall calcification around lateral
epicondyle
Enthesophyte
Soft-tissue calcification
Olecranon enthesophyte
Coronoid process osteophyte
Medial epicondyle enthesophyte
Medial epicondyle soft-tissue
calcification

18.2 (20 of 110)
16.4 (18 of 110)
11.8 (13 of 110)
10.9 (12 of 110)
9.1 (10 of 110)
0.9 (1 of 110)
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Table ITII  Strengths of associations between studied variables and calcifications in lateral epicondylitis patients in univariate analysis
Studied variable Overall calcification Enthesophyte Soft-tissue calcification
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age 1.07 (0.99-1.08) .095 1.02 (0.97-1.07) 449 1.04 (0.98-1.10) 172
Sex 0.77 (0.35-1.69) .507 1.16 (0.43-3.13) 775 0.47 (0.16-1.40) .176
BMI 1.03 (0.93-1.14) .563 1.05 (0.92-1.20) 445 1.00 (0.88-1.13) .967
Dominant-side involvement 1.07 (0.41-2.79) .888 2.91 (0.63-13.55) .173 0.49 (0.16-1.47) .202
Occupation
Office worker 1.00 (reference) .948 1.00 (reference) .869 1.00 (reference) .627
Manual laborer 0.85 (0.32-2.25) 44 1.40 (0.40-4.98) .601 0.56 (0.17-1.86) 342
Housewife 0.89 (0.31-2.59) .832 1.33 (0.33-5.30) .689 0.65 (0.17-2.42) .519
Symptom duration 1.01 (1.00-1.02) .209 1.01 (1.00-1.02) 119 1.00 (0.98-1.02) .958
Hand-grip power 0.99 (0.97-1.00) .126 0.99 (0.97-1.01) .381 0.99 (0.97-1.01) .286
VAS pain score 1.42 (1.12-1.79) .004 1.21 (0.93-1.57) .159 1.43 (1.06-1.93) .020
Stretching exercise 2.00 (0.80-5.00) 141 2.40 (0.79-7.31) .123 2.20 (0.58-8.38) 248
ESWT 0.86 (0.33-2.23) .761 1.08 (0.34-3.40) .898 0.65 (0.17-2.51) .529
History of steroid injection 3.70 (1.57-8.75) .003 1.37 (0.51-3.68) .529 9.12 (1.98-41.93) .005
With local anesthetic 1.17 (0.51-2.65) .713 1.03 (0.37-2.83) .962 0.94 (0.32-2.73) .906
Without local anesthetic 5.42 (1.95-15.04)  .001 1.54 (0.49-4.86) 460 9.21 (2.99-28.29)  <.001
No. of steroid injections 1.16 (1.04-1.28) .006 1.02 (0.92-1.13) .750 1.18 (1.06-1.32) .002
With local anesthetic 1.57 (1.21-2.03) .001 1.11 (0.94-1.33) .229 1.24 (1.04-1.47) .016
Without local anesthetic 1.95 (1.27-2.98) .002 1.04 (0.85-1.28) .706 1.70 (1.34-2.15) <.001
OR, odds ratio; (I, confidence interval; BMI, body mass index; VAS, visual analog scale; ESWT, extracorporeal shockwave therapy.
Table IV Strengths of associations between studied variables and calcification, in multivariable analyses
Studied variables Overall calcification Soft-tissue calcification
OR (95% CI) Pvalue  VIF Condition  OR (95% CI) Pvalue VIF Condition
index index
Pain VAS 1.33 (1.04-1.70)  .025 1.062  7.605 1.32 (0.97-1.80)  .079 1.047  7.215
History of steroid injection 3.27 (1.35-7.93)  .009 7.63 (1.63-35.72)  .010
Pain VAS 1.31(1.02-1.68)  .033 1.098 7.461 1.28 (0.93-1.76) .125 1.083  7.060

Number of steroid injections ~ 1.13 (1.02-1.26)  .025

1.18 (1.06-1.32) .002

OR, odds ratio; (I, confidence interval; VIF, variance inflation factor; VAS, visual analog scale.

associated with soft-tissue calcification. The ORs with 95%
ClIs for all variables are summarized in Table IV.

Discussion

This study found that the prevalence of overall calcification
in LE was 34.6%; enthesophytes and soft-tissue calcifica-
tion constituted 18.2% and 16.4%, respectively. This study
also found that soft-tissue calcification was significantly as-
sociated with steroid injections.

Several studies have reported the prevalence of calcifica-
tions around the lateral epicondyle in LE. Nirschl'" reported
that 22% of LE patients had calcifications with some form
of “bony exostosis” at the tip of the lateral epicondyle, which
is similar to the prevalence of enthesophytes found in our study.
However, that study reported that soft-tissue calcification
located at the common extensor tendon just distal to the lateral
epicondyle was rarely observed, which differs from our study’s

finding. Pomerance'” reported a 7% prevalence of calcifica-
tion in LE. That study did not distinguish enthesophytes from
soft-tissue calcification and did not determine any associa-
tion between steroid injection and calcification. Shillito et al'
reported a 47% prevalence of calcifications around lateral
epicondyles, classifying the calcifications as enthesophytes
(44%) or soft-tissue calcifications (3%). That study re-
ported no significant differences in prior steroid injection, VAS
pain score, and QuickDASH (short version of Disabilities of
the Arm, Shoulder and Hand questionnaire) score between
patients with and without calcifications. Our study found a
relatively higher prevalence of soft-tissue calcification (16%)
than their study (3%). Those differences might arise from dif-
ferences in the study populations. A history of steroid injection
was present in 53% of patients in our study population
compared with 7% in the study of Shillito et al. On the basis
of our study’s finding that soft-tissue calcification is associ-
ated with steroid injection, a higher prevalence of soft-
tissue calcifications can be explained by a higher prevalence
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of prior steroid injections. Because the study of Shillito et al
had a low prevalence of soft-tissue calcification, they did not
evaluate soft-tissue calcifications separately from overall cal-
cifications, and this led to the failure in finding statistically
significant factors between patients with and without calci-
fications. Zhu et al** reported the prevalence of soft-tissue
calcification as 40.8%. Among their patients, 61.8% had re-
ceived physical and/or block therapy, but their report did not
specify the percentage of patients with soft-tissue calcifica-
tion who received steroid injections as block therapy.

One possible theory regarding the pathogenesis of soft-
tissue calcification is that local tissue damage, which leads
to the release of alkaline phosphatase with increased local
tissue pH, results in calcium salt precipitation in soft tissue.
In plantar fasciitis and LE, soft-tissue calcification with no
definite pathogenesis has been reported as a complication after
steroid injection.”'’ Previous studies have suggested 2 pos-
sible mechanisms through which steroid injections cause soft-
tissue calcification. The first is related to adjusted materials
in the solvent,'” and the second involves an accumulation of
insoluble steroid.” Friemann et al'’ suggested that the calci-
fying necrosis of collagen fibers might have been induced by
soybean oil, which was used as a carrier of dexamethasone.
Conti and Shinder’ suggested that the accumulation of in-
soluble steroid acts as a foreign body and induces a chronic
granulomatous inflammatory process, which subsequently
induces soft-tissue calcification. An additional possibility re-
garding the pathogenesis of soft-tissue calcification is the role
of local anesthetics. One study reported that amino-amide local
anesthetics may be harmful to tendon cells.”’ We could not
find any significant association between soft-tissue calcifi-
cation and a history of steroid injection in conjunction with
use of a local anesthetic, but we found an association between
soft-tissue calcification and the number of steroid injections
in conjunction with a local anesthetic. In addition, the prev-
alence of soft-tissue calcification was higher in patients who
had been treated with steroid injection alone than in pa-
tients who had been treated with steroid injection in
conjunction with use of a local anesthetic. This finding sug-
gests that soft-tissue calcification is significantly associated
with steroid injection rather than with a local anesthetic. Further
study is necessary to clarify whether a local anesthetic alone
should be used in such patients.

Nirschl'>!'¢ reported the clinical significance of soft-
tissue calcification as a factor in deciding the surgical treatment
of LE. He suggested that tendon calcification represents a
pathologic tendon and may be refractory to conservative treat-
ment. In our study, the VAS pain score was significantly
associated with overall calcification and with soft-tissue cal-
cification, not with enthesophytes. This means that the pain
of patients who had soft-tissue calcification was more severe
than the pain of patients who had enthesophytes. This finding
supports Nirschl’s previous studies’ finding. In our study, 7
patients received surgical treatment. Of these patients, 6
(85.7%) had been treated with steroid injection and 4 (57.1%)
had soft-tissue calcification. The sample size of surgically

treated patients was too small and the follow-up period of con-
servatively treated patients was too short to allow us to
statistically determine the association between the soft-
tissue calcification and clinical outcomes. Therefore, further
study is necessary to investigate the clinical significance of
soft-tissue calcification.

This study has several limitations. We did not perform any
tests to validate the interobserver reliability of the diagnosis
of LE. However, such a diagnosis is a common event that re-
flects daily clinical practice. Therefore, this study’s result has
clinical significance despite its possible limitations in diag-
nostic accuracy. We could not evaluate whether the presence
of soft-tissue calcification affected clinical results. Because
triamcinolone was used in all steroid injections, we could not
determine whether the association between steroid injection
and soft-tissue calcification was a common effect of steroid
or a limited effect of triamcinolone. We suggest that steroid
injection is a significantly associated factor for soft-tissue cal-
cification in LE. However, whether steroid injection is a cause
or cofactor of soft-tissue calcification in LE must be deter-
mined in a future study with a larger study population and
additional studied variables.

Conclusion

The significant association of steroid injections with soft-
tissue calcification in LE suggests that this calcification
is likely to be an iatrogenic complication of steroid
injection.
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